In order to evaluate the influence of stressed environments on hepatopancreatic cells of freshwater prawns, Macrobachium borellii Nobili, 1896 and Palaemonetes argentinus Nobili 1901, (Crustacea, Decapoda, Palaemonidae) were collected at three different aquatic environments with different relationship to urban development in Argentina. Furthermore the effects of several cypermethryn concentration on hepatopancreatic cell of M. borellii and P. argentinus were evaluated in a laboratory assays. The "N° 1" lake (Santa Fe Argentina) which is more affected by the anthropogenic pressure and "Don Felipe" lake which is still not strongly by human activities were the studied sites from the floodplain of Paraná river. While Alejandra lake was the intermedia effects sites. Different damaged ultrastructures were found in F-and R-cells of prawns in the stressed lake. The predominant features were: disrupted the microvillous border, swelled mitochondria, reduction of endoplasmic reticulum, dyctiosomes, glycoproteins, desnaturalization of vacuole membrane and premature autolysis. Moreover the F-cell number was higher in the environment near to city than in the others sites. Similar effects were observed in the cypermethryn assays. The observations clearly indicate that the ultrastructure of midgut gland in the both palaemonids varies depending on the site from which animals are collected and the biocid presence. So, in this case it can be stated that the hepatopancreas histology of freshwater prawns is a good tool to monitor the impact of a stressed environment upon freshwater prawns.
INTRODUCTION
Freshwater prawns are an important and abundant group in the floodplain of the Paraná River, mainly the species Macrobrachium borellii Nobili, 1896 and Palaemonetes argentinus Nobili, 1901 . Both prawns have as habit the lotic and lentic environment from La Pampa region, Argentina [1] . This area is characterized by intensive farming, and urban-industries development. Thus the aquatic environment gathers several elements which affect the quality of the rivers and lakes, mainly at the rain events [2] . The nutrient increase, toxins presence and others xenobiotic input, such as biocid and heavy metals, provoke changes in the normal conditions that according to inflow regime (sewage of various degree of treatment, thermal regime, weather conditions and land use) affects the quality conditions of the receptors [3, 4] .
In the last decades there have been many studies about the influences of exogenous factors upon crustaceans, being the majority of these researches made as laboratory tests. Such works revealed important basic data, and it can be refered to in case of evaluating the environmental influences upon hepatopancreas. There exists a close correlation with different kind of stresses and the ultrastructure of hepatopancreas [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Some products and/or household waste, such as industrial discharges, pesticides or sewage are transformed and degraded through various reactions with other biotic and abiotic components, when they get into the river. These elements may alter the hepatopancreatic cells and it could be used as biological markers so as to assess the toxic properties of the environmental contaminants [18] [19] [20] .
The aim of the present work is to compare the ultrastructure of the hepatopancreatic cells of M. borellii and
MATERIALS AND METHODS

Sampling Prawns
Juveniles, males and females of M. borellii and P. argentinus (Crustacea, Decapoda, Palaemonidae) were sampled in the lakes "Don Felipe" (31° 39' S, 60° 41' W), "Alejandra" (31° 45' S, 60°31' W) and "N° 1" (31° 40' S, 60°30' W) (Santa Fe, Argentina) during a time of low and high water phases of the flooding cycle (winter and summer, respectively) (Figure 1) , and they samples were immediately taken to laboratory.
Sites of Study
The three lakes are placed in the Paraná River floodplain, and they have different relations with human activities and land use. In this river, the water level declined from summer to winter, with a new flooding pulse in spring. They have an average annual discharge of 18,000 m³/s and a peak of 60,000 m³/s [21] . The flooding water of the lentic bodies in the alluvial valley dilutes the biotic densities of the communities, and during the isolation or low water phase these concentrations recover rapidly. The animal densities show important oscillations among the lakes depending on its volume, distance to the river, amplitude-longitude of flooding pulse and time of water residence [22] [23] [24] .
"Don Felipe" is an oxbow lake close to the Colastiné River which is a secondary branch directly connected to the main channel (Figure 1 ). This fact changes its volume depending on the input of water flow from the Colastiné River. In the isolated phase, its maximum and mean depth is 2 m and 0.66 m respectively [25] . The main industrialized cities occur about 400 km away from studied site. Most of the wasted material (e.g. from food industries) are rapidly dissolved when it reaches the flood valley.
"Alejandra lake" is an overflow lake with a direct connection to the Coronda River with a total length of 900 m, 1.8 m depth and it has an area of 75,000 m 2 approximately (Figure 1) . The land use near this lake is low with a scarce impact on the environment. It is a weekend residential area but it is near to Santa Fe and Santo Tome cities.
"N° 1" is an abandoned meander scroll lake (Figure 1 ) with a 0.55 m depth average during the isolated phase (Collins, unpublished) located close to the Salado river (a river with high dissolved contents salt), and its volume changes depending on the input of water flow from the Salado and Santa Fe rivers. During the high water period, the water Salado River is retained by the Paraná system. The Salado River passes through a series of industries and farmlands in which biocides and fertilizers are applied upon them. Moreover industrial discharges and waste-water emitted from the cities (Santa Fe and Santo Tomé) are poured into the last sections of the river.
Measurement of Water Parameters
The target variables to analyze in each sampling event were taken in the top layer and three meters from the coast line. These were water temperature; conductivity; pH; transparency; nitrate; ammonia; orthophosphate; dissolved oxygen; demand biological of oxygen 5 (DBO5); glyphosate; lead and copper. The samples were collected in polyethylene bottles and preserved at 2-4ºC to posterior analysis in some cases. Temperature, conductivity, pH and dissolved oxygen were taken in situ with digital sensors (Hanna HI9143, HI991003, HI9033). Transparency was measured with Secchi disc. All the analytical methods, conformed to EPA methods [26] or Standard Methods [27] , were determined by a spetrophotometer Metrolab330 (nitrate; ammonia; orthophosphate), a spetrophotometer Perkin Elmer (limit 4 ug/L) (heavy metals) and with a high precision liquid cromatography (limit 0.2 ug/L) (biocid). The parameters were sampled weekly in a month during summer and winter.
Hepatopancreatic Cells Evaluation with TEM
Dissections of the midgut glands were done for three juveniles, males and females of both prawns (M. borellii and P. argentinus) in intermolt stage according to Drach and Tchernigovtzeff [28] from the three lakes. Adults without gonadal maturation evidence were used. Dissections were conducted under a binocular microscope and placed in 2% cold glutaraldehyde solution at pH 7.4 for 2 hr at 1-4°C. The tissues were then washed in several changes of Sörensen buffer followed by postfixation in 2% osmium tetroxide solution for 2 hr at 1-4°C. After dehydration in graded ethilic alcohol the material was embedded in (ERL) araldite resin. Sections with gold interference colours were obtained using a Reichert-Jung Ultramicrotome with a glass and a diamond knife and then mounted on coated copper slot grids. The hepatopancreas sections in the grids were then double stained in uranyl acetate (saturated solution in 70% methanol, 4 h) followed by lead citrate (5 min) and viewed in a Siemens Electron Microscope 101. The cell types were identified and quantified in each observed section (5 for each specimen). 
Laboratory Assays
In order to evaluate on the hepatopancreatic cell of the prawns the effects of cypermethrin, an extensively biocid used in the farms and urban region, was done a laboratory assays. The biocid was used in its commercial form (Sherpa®: cypermethrin). Prawns (M. borellii and P. argentinus) were kept in plastic containers of 0.9 m 2 and 40 l with a density of 55 ind/m. The nominal sublethal concentrations (cypermethrin (CY): 0.01; 0.001 and 0.0001 µg CY/l) [29] were applied only once. The protocol was: first a continuous flow of water without biocid of 1 ml/s during 15 days in all containers. After that, the solutions with biocid were applied in the same flow rate (1 ml/s) during one day. Later on the flow returned to water without cypermethrin. The control group was treated the similar forms in order to flow rate and experience time. The prawns were daily fed with fish muscle "ad libitum" and the mortality was registered in all containers. The experience lasted 45 days. Each seven day, the prawn hepatopancreas in intermolt phase were dissected, and they were processed by a routine histological method (dehydrated in alcohol series and embedded in paraffin wax). They were cut into thin sections of 6 μm thickness by a rotative microtome. The hystological cuts of these organs were stained with haematoxylin and eosin to observe of the biocide effects in the light microscope (5 cut for each prawns). The hepatopancreatic cells were identificated and quantificated.
Data Analysis
Water quality parameters of each environment were compared with ANOVA and Tukey post-test. In the same way, differences in hepatopancreatic cell number were evaluated with ANOVA. In the assays, survival and hepatopancreatic cell data from control and experimental groups were analysed with ANOVA in conjunction with Tukey post-test too. All data were previously evaluated to normality and homoscedasticity [30] .
RESULTS
Environment Quality
In all the lakes, significant differences (ANOVA p < 0.05) were registered for some parameters and sampling time ( Table 1) , being the conductivity in "N° 1" lake (near the Salado River) the highest unlike. Furthermore, these differences were high for both sampling periods, with a decrease values in summer during flooding period (Table 1). The pH was not similar among all the sites, but differences between floods and drought phases occur only in the environment near to the Coronda River. Dissolved oxygen did not differ in the three lakes, being the values lower during winter. Nutrients, such as orthophosphorous, were different between Don Felipe and the other lakes, corresponding high values in summer ( Table  1) . Nitrate values got the highest level in the Coronda River (Alejandra lake). The unlike data of winter and summer were not relevant (p > 0.05). Ammonia concentration oscillated from 0.006 (Don Felipe summer) to 0.069 (N° 1 winter), showing difference between sampling time. The unlike values among sites was not significantly ( Table 1) . DBO5 was bigger in the environment near the Coronda River, receiving its water from the Salado and Santa Fe Rivers (Figure 1) . In summer, all lakes have a distinct DBO5 but without statistically significance, except in Don Felipe lake. In low water phase (Table 1) , glyphosate, residues of glyphosate, and lead were registered in the N° 1 lake near the Santa Fe and Santo Tomé cities. 
Hepatopancreatic Cells
There have been alterations in the midgut glands of juveniles, males and females of both prawns species from "N° 1" lake of Los Sapos island near Santo Tomé and Santa Fe cities and Alejandra lake. The variability of the damage degree was important. This depended on the prawn origen, and the seasons (low and high water level and temperature). The major alterations for both prawn species were observed in the F-and R-cells, and the percentage of the cell type was differed from those prawns in Don Felipe lake (mainly F-cell) ( Table 2 ). Some prawns from Alejandra lake show similar alterations than those from N° 1 lake. The difference was observed in the affected cell number, and/or in the intensity of the alteration. Both prawn species showed similar hepatopancreatic cell frequency in all lakes and seasons ( Table 2 ).
In apical zone of the alterated F-cells showed a damaged microvilli border. The endoplasmic reticulum (Figure 2(f) ) and the mitochondria were more abundant and swelled, and the cristae of the last was damaged and increased in number compared with the mitochondria of those prawns from Don Felipe lake. Endoplasmic reticulum was either broken up into vesicles and/or exhibits dilated profiles (Figures 2(a), (c), (f), (h) and (i) ). The glycoproteins granules and others organelles were increased too, e.g. in the basal region. Amorphous corpuscles with high electron density were found in the cytoplasm (Figures 2(a), (b), (f) and (g) ). In the most affected F-cells (mainly in N° 1 lake) organelles lysis, including cell nucleus were observed without breaking the wall cell (Figures 2(b), (d) and (g) ). The normal F-cells (M. borellii and P. argentinus) belonging to "Don Felipe" lake showed abundant rER without dilated profiles in the apical zone. The organelles have a homogeneous distribution, e.g. the cytoplasm contains glycoprotein (or free ribosomes), peroxisomas, vesicles and few and small mitochondria. In the basal region, it is more frequently found the presence of Golgy systems with distended cisterns, and surrounded by small and dense vesicles.
The R-cells of prawns from N° 1 and Alejandra lakes were affected in similar ways. The main alterations were: in the apical zone of R-cells, the microvilli border was somewhat shortened and sometimes it lacked the microvillar core filaments (Figures 3(a), (b) and (e)). The endoplasmic reticulum was disrupted and the number of residual bodies increased. The mitochondria were swelled and sometimes its walls became deteriorated (Figures  3(b) , (e), (f) and (g)). The lipid vacuole had an abrading multilayered membrane (Figures 3(b) and (e)). Material with high electron density was observed near this vacuole in the apical zone (Figure 3(a) ). R-cells with premature autolizing appearance were frequent (Figures  3(d), (f) and (g) ). In the basal region, there were few glycoprotein granules, and only the mitochondria was increased and swelled, and its cristae was damaged (Figures 3(c), (d) and (g) ). The normal R-cells of prawns from Don Felipe Lake have in apical zone a large number of mitochondria, vesicles and glycoprotein, which are prolonged in concentrated below the apical plasma membrane. The undamaged microvillous border was regular in all the extensions. In the basal region endoplasmic reticulum (rER and sER), glycoprotein granules and many mitochondria were observed. The B-cells did not show alterations that differ from the normal of hepatopancreatic cell cycles (Figures 4(a) and (b) ) except affections in some B-cells, main in N° 1 lake, where autolising of organelles were registered (Figures 4(c) and (d) ).
Other changes, such as basophyles vacuole groups and differents residuals bodies, were observed in apical zone of the F-cells in both species. Moreover, evident autolising of the organelles (Figures 5(a), (b) and (e)) and indefinable elements associated with residuals bodies in R-cells with abundant and distended cisterns of endoplasmic reticulum were frequent in the studied species from N° 1 lake (Figures 5(c) and (d) ).
Low and high water Level and Temperature
The alterations were detected for both seasons and in the same studied sites. The highest number of damaged cell was registered in winter with low water level and tem- perature ( Table 2 ). The percentage of affected prawns was not different (ANOVA p > 0.005) between the species M. borellii and P. argentinus. The "N° 1" lake had the highest percentage of alterated cells in prawns with 75%, 32% in Alejandra lake and only 9% in Don Felipe lake approximately. In this last one, the alterations coincided with the observations indicated as starvation effects (lipid dropplets with multilayered wall in R-cells). Moreover, the cell type frequency varied with the prawn origen (Don Felipe, N° 1 and Alejandra lakes), being the frequency of F-cells higher in prawns from N° 1 lake during samples of winter than other origin ( Table 2) .
In summer the number of affected cells disminished in all the lakes (45 % in "N° 1" lake, 26% in Alejandra lake and only 2% in Don Felipe lake approximately), and the cell type frequency was similar ( Table 2) .
Laboratory Assays
In both prawns, damaged hepatopancreatic cells by the pyretroid have had a relationship with the tested concentrations, being the cell frequency in each tested concentrations differents with the control at the end of the experience (ANOVA F(0.05, 2, 22) = 11.31; p < 0.0021). The F-cells were more abundant than all the others (Figure 6) . The difference among C2, C3 and control, in the F-cell percentage, occurred during the second week whereas in the C1 it was in the third week (Figure 6 ). In the experience, the F-cell presence oscillated with changes significant among treated groups (Tukey's p > 0.05). The B-cell percentage in all cypermethrin concentrations were low, 12% (C1) and 19% (C3).
Prawn survivals in treated groups varied significantly during the 35 days of assays (ANOVA F(0.05, 2, 22) = 350.64; p < 0.0001, Tukey`s p < 0.05), and in the control group there had low mortality (Figure 6) 
DISCUSSION
The hepatopancreas of both freshwater prawns (M. borellii and P. argentinus), which consists of four cell types, undergoes ultrastructural changes depending on the quality of the environment. This fact was observed in the F-, R-and B-cells in different intensities. In these cells, microvilli border, endoplasmic reticulum and mitochondria were the most affected ultrastructure together with and the increase of residual bodies number. Moreover premature autolysis development was observed.
On the one hand, three measured parameters have differed, being the conductivity the most variable. Transparency reflected a great density of algae in the "N° 1" lake before flooding period (November-April), which could be due to a nutrient rise. Also, this coincides with high DBO5 values. In the studied environments, different algae species can produce phytotoxins, exposing the prawns to this toxic stress. This situation could probably activate the antioxidant defences in the hepatopancreas leading to multiple oxidative processes and an effective detoxification [31] . The cytoskeleton could be destroyed by an increase in protein phosphorylation level, occurring cell necrosis [32] . The immune system responds with a melanization process which could act as a possible ROS scavenger [33] . Besides, the B-cell showed an intracell digestion what carried out, possibly, with posterior organelles degeneration in all cells, such as it was suggested in exposed crabs to microcystins [34] . Moreover the large vacuole of B-cells contains digestive enzimes, e.g. cathepsin L (MeCatL) [35] . It was recognized that in transicional cells F/B occurs P-glycoprotein (P-gp), suggesting a function in specialized cells for accumulation and elimination of toxic compounds [36] .
On the other, many substances may be toxic taking into account their nature and amount, which are being released by industries and cities to fresh waters and/or the washing of farmlands during rains [37] . In these waste waters, the heavy metals could be important quantitatively, and these are toxic elements for decapods [38, 39] . Moreover, these xenobiotic elements were present in sites near to the cities, in other studies, several heavy Table 3 . Heavy metals measurements in sediment of several sites of Salado river close to the more affected sampling area (from a work [40] metals were registered at different points of the Salado River sediments (Table 3) , being a possible cause of potential stress effects. Another parameter that might provoke alterations in the prawns hepatopancreas is temperature but this do not suggest any alteration, due to the fact that lipid consumption for thermal stress occurs at 29°C in M. borellii [41] , and the samplings were taken during spring (September-December) with lower temperatures.
Some of the observed changes in the hepatopancreatic cells were correlated with the starvation process and xenobiotics effects which were described for other decapods [5, 6, 8, 9, 18, 42, 43] . The affected prawns from N° 1 lake and the assay had similar evidence of stress in the hepatopancreas. The pyretroid is an biocid that it is used in non-urban and urban environments, and it could potentially get into the aquatic systems by different ways (e.g. perfution, rain drenage). This could induce to ROS production and to the formation of oxidative tissues in the hepatopancreas of prawns, while their cells have different biochemicals mechanisms to protect themselves from oxidative damage among which the glutathione plays an important role [44] . Different intrinsic factors such as specific capacity to stress tolerance, size, nutritional condition and extrinsic factors (e.g. temperature, conductivity, ph) are important to evaluate the populational effects in a natural environment. The high percentage of F-cells of exposed prawns to cypermethrin could indicate that some detoxification mechanisms is activated, including a more activity of the endoplasmic reticulum and ribosomes in this cell type than in others. The low number of B-cell could be interpreted as an increase of the exoxitation of the B-cells to hepatopancreas lumen. Moreover another efluents, e.g. oil product (PAH), provoked a size disminish in the hepatopancreas cells [43] . Furthermore, cell number varies significantly during the molt cycle (mainly, R-cell and F-cell) linked with a change in the enzimatic activity (ATPasas and Na /K ATPasas) [45] , considering only the prawns in intermolt phase (c) by even.
The variation in the ultrastructure could have affected the absorption mechanisms and protein synthesis as observed by Papathanassiou and King [42] . However we could say that these prawns can tolerate some degree of environmental stress due to the fact that populations of these species were found in "Laguna N° 1" lake with similar sizes [46] to those taken from environment with low human interference (Don Felipe lake) [25] . Thus we can infer that there must be some detoxification mechanisms such as those described by several authors [18, 38, [47] [48] [49] [50] [51] , where the F-cells could have a main rol. In these works it was also included the capture of transuranic elements, the deactivation of insecticides by rER or removal of metals by granule formulation and its excretion as detoxification pathways. These routes, together with that of the complete renewal of the epithelium occurring after several mitotic pulses [52] and/or some other mechanisms which involve a increase mitochondrial activity, could have allowed the presence of M. borellii and P. argentinus in this environment.
However, the detoxification is only feasible when the intensities of stressors do not exceed a particular thresh-
CONCLUSIONS
The damage cell is irreversible to live of this prawn when the values achieved determined concentrations or stress level. The F-cell was increased with the intensities of the stressors such as mechanisms of detoxification. This involves a growth in numbers and size of rER, ribosomes, and mitochondria. Therefore, the reserves in the vacuole of R-cell are used to contribute to consume energy in the detoxification pathway. This justified the starvation conditions that is observed in some prawns.
The midgut glands of M. borellii and P. argentinus reacts to water quality variations, and the structural changes in cells and tissues represent the most sensitive level. It is showed the synergistic impact of an element, its metabolites and other exogenous and endogenous factors showing the hepatopancreas as a good tool in the determination of a stress areas of the natural environment.
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